Introduction {#S1}
============

Bone tunnel enlargement after anterior cruciate ligament reconstruction (ACL) represents a well documented phenomenon after anterior cruciat ligament surgery.^[@R1]--[@R5]^ In general, the exact aetiology of bone tunnel enlargement after ACL reconstruction is unknown. Mechanical and biological theories have been proposed to explain tunnel widening.^[@R6]--[@R8]^ Mechanical factors include motion of the graft within the tunnel, fixation methods/devices, stress shielding of the graft, improper graft placement, and accelerated rehabilitation.^[@R3],[@R7],[@R9]--[@R11]^ Biological factors represent graft swelling, use of allograft tissue, synovial fluid propagation within the tunnels, and increased cytokine levels.^[@R6],[@R8],[@R12],[@R13]^ The process is most likely multi-factorial, arising both from mechanical and biological aetiologies. Furthermore there are many reasons for ACL reconstruction to fail, including adequate new trauma, graft rupture and graft insuffiency and tunnel lysis or enlargement.^[@R12],[@R14],[@R15]^ Tunnel enlargement in the revision setting represents a difficult technical challenge with possible compromise of graft placement, fixation, and graft incorporation.^[@R1],[@R3],[@R8],[@R16]^ This may include the need for a staged reconstruction and additional operative procedure with significant costs. There have been several observations regarding the timing and progression of tunnel widening.^[@R3],[@R4],[@R16]--[@R18]^ The tunnel diameter increase seems to be significantly higher within the short term interval after surgery and afterwards stabilizes on midterm interval.^[@R2],[@R4],[@R5],[@R18]^ Finally, some authors report of a decrease in tunnel diameter at 3 years after surgery.^[@R3],[@R19]^ Although many authors have reported on the presence of tunnel enlargement, none has shown this to be clinical significance on short- and mid-term intervals with respect to laxity, increased failure rates or progression of degenerative changes.^[@R2]--[@R4]^ From current literature, tunnel widening does not appear to correlate with a poor clinical result, but on the other hand, there is only very few data beyond 3 years.^[@R2],[@R4],[@R17]^ One of the main reasons for anterior cruciate ligament reconstruction is to avoid progressive degenerative changes and secondary osteoarthritis.^[@R20]--[@R23]^ Therefore, purpose of the present study was to evaluate the incidence, degree and impact of tibial tunnel widening (TW) after isolated anterior cruciate ligament reconstruction with patella-bone-tendon-bone (PBTB) autgraft via a transtibial approach on long-term follow-up. The study group hypothesised that in terms of potential persisting micro-instability and consecutive potential incomplete graft incorporation tunnel widening continues and furthermore provides a significant impact on patient-reported long-term clinical outcome, long-term stability and prevalence of osteoarthritis.

Materials and Methods {#S2}
=====================

Between January 1994 and December 1995 a total of 166 isolated ACL reconstructions were performed at our institution. Inclusion criteria for the present study consisted of an i) isolated primary arthroscopic ACL replacement (no concurrent meniscus or cartilage surgery; ii) no previous knee ligament surgery; iii) a normal contralateral knee. Exclusion criteria were additional ligamentous injuries, significant articular surface damage or meniscus lesions or evident osteoarthritic lesions (17 patients) or concomitant medial collateral ligament repair (13 patients) at the time of reconstruction as well as osteoarthritic changes (\>grade I according to Kellgren-Lawrence). Operative treatment was performed within 2 --3 weeks from injury. During the entire follow up period, 11 patients (7%) suffered a graft rupture due to adequate new trauma. Graft failure occurred on average 38 (range 12--120) months after reconstruction. Secondary partial or total medial meniscectomy was performed in 24 patients and lateral meniscectomy was performed in 12 patients. During the follow-up period additional 14 patients (8%) suffered a contra-lateral ACL rupture and were excluded. At two year follow-up, the study group consisted of 126 patients. On long-term follow there were 78 patients, with 73 patients having a complete data record, which accounts for an overall follow-up rate of 44% at 13.5 (range 10--15.5) years after ACL reconstruction. Ádditional reasons for the high rate of loss on final follow-up additionally accounted for geographical limitations with an inability to attend for follow-up examinations and furthermore abovementioned intermittent operative procedures. The study group on long-term follow up therefore consisted of 46 male and 27 female patients. The median age was 43 years (range 24--63). In 53 cases the right knee and in 20 cases the left knee was affected. The study was approved by the local ethical committee.

Operative technique and rehabilitation
--------------------------------------

Operative technique was standardised in all patients: ACL reconstruction was performed via an autogenous BTB graft from the middle third of the patellar tendon. The central third of the patella (10 mm in width) was harvested through a single longitudinal incision. The graft was removed with a rectangular bone plug (20--25 mm in length). Afterwards an arthroscopic-assisted reconstruction was used. The ruptured ACL was debrided and the anatomical tibial and femoral footprints were identified and left intact. The exact tibial tunnel placement was performed using the drill-guide under arthroscopic view through the posterior part of the middle of the tibial ACL footprint. The exact angle of the tibial guide was determined by the sum of the intertendinous portion of the graft in mm (N) plus 7 according to the N+7 rule.^[@R24]^ The extra-articular portion of the guide was set midway between the apex and the posteromedial border the tibia. To create the femoral tunnel a 5-mm offset guide system was placed transtibially at the posterior margin of the intercondylar notch. Bone blocks were positioned in the tunnel and the autograft was placed with its cortical edge oriented posteriorly within the femoral tunnel. The position of the femoral tunnel was determined with the knee in 120° of flexion using the 5 mm offset instrument. Femoral graft fixation was performed by press-fit positioning in the inserted tunnels and by additional joint-distant mini-plate-fixation via a lateral incision. Exact intra-articular graft position of the tibial tunnel was performed with the knee in 90° of flexion, positioned in the footprint of its anatomical insertion. Afterwards tibial graft fixation was performed by press-fit fixation and additional joint distant staple fixation. After femoral fixation the affected knee was cycled several times to assess graft fixation and isometry and for the final tibial fixation staples were used to fix the threads outside the tunnel. Postoperatively all patients were immobilized in a full extension orthesis for two days. Our concept of rehabilitation allows a free range of motion of the knee. Isometric muscle exercises were then started without any limitations and full weight bearing was allowed according to the patients\' pain level. During the entire rehabilitation period of 6 weeks we provided no additional external protection via use of a restricting orthesis. High-demand pivoting sports activities were allowed after six to nine months.

Assessments
-----------

Clinical follow-up evaluation was performed according to the International Knee Documentation Committee (IKDC) standard evaluation Form and the scores of Tegner and Lysholm.^[@R25]--[@R27]^ Clinical evaluation was performed at 2 years follow-up as well as on 10--15 year follow-up. Furthermore the pre-trauma status was documented. Assessment of the anterior laxity was carried out with the KT 1000™ arthrometer (Medmetric, San Diego, CA, USA) according to the IKDC graduation (degree of differential instrumental laxity in side comparison).^[@R28]^ According to the IKDC graduation, we defined differential anterior laxity as follows: IKDC grade A represents a differential anterior laxity \<2 mm, IKDC grade B 3--5mm, IKDC grade C 6--10 mm, IKDC grade D \>10 mm. Radiographic evaluation of the tibial tunnel was performed on antero-posterior (AP) and strict lateral (L) views under establishment of 4 degrees of tibial tunnel enlargement. Therefore based on conventional radiographs in 3 planes, the study group firstly calculated the actual tunnel diameters in mm measuring the sclerotic margins of the inserted tunnels on 3 different points (T1--T3) under assistance of a radiologist. The diameter of the tibial tunnel was measured 1 cm distal to the ACL insertion at proximal (T1), middle (T2), and distal (T3) location ([Figure 1](#F1){ref-type="fig"}).

Figure 1Calculation of the tibial tunnel enlargement.

In order to provide a better quantification and statistical analysis of the tunnel enlargement, the study group determined 4 degrees of tunnel widening by converting the absolute values in mm into a 4 staged ratio, based on the comparison between the results of the initial drill-width and direct postoperative x-ray with regard to the actual measured values. The maximum diameter on each location (T1--T3) was used to define the ratio as tunnels might be of different shapes. The establishment of a 4 staged ranking systems should also assure a minimization of radiographic errors to due projection the diameter of the tibial tunnel. Grade I TW was defined as a ratio of 1.0--1.1 of the diameter of the tibial tunnel between the T1--T3 locations. Grade II was defined as a ratio of 1.1--1.2, grade III as a ratio of 1.3--1.4 and grade IV should constitute for a ratio of \>1.5. The tunnels were furthermore classified as cone, linear or cavitatory according to Peyrache *et al.*^[@R29]^ The degree of degenerative changes to evaluate the incidence of radiographic tibio-femoral and patello-femoral knee osteoarthritis was determined via application of the radiological scale of Kellgren and Lawrence.^[@R30]^ Radiographic evaluation of the pre-trauma status supplemented the overall radiographic assessment. Evidence of degenerative changes in sense of grade II osteoarthritis (OA) or more according to the Kellgren-Lawrence scale were used to define OA whereas grade III and grade IV degenerative changes should account for symptomatic OA.^[@R30]^

Statistical analyses
--------------------

Statistical analysis was performed by using the software SPSS 17.0. version for windows.

Correlations were regarded as significant at P\<0.05 concerning the Pearson-Chi square test and the Kruskal-Wallis test.

Results {#S3}
=======

International knee documentation committee evaluation
-----------------------------------------------------

Clinical evaluation showed a deterioration of the clinical conditions during long-term course in comparison to the results on two year follow-up after ACL reconstruction ([Table 1](#T1){ref-type="table"}).

Table 1Evaluation of clinical results according to the International Knee Documentation Committee (IKDC) score and evaluation of anterior laxity via the KT-1000 arthrometer according to the IKDC score.2 years/midterm\
Follow up13.5 years/longterm\
Follow up*A. Evaluation*IKDC A64.3% (N=81)58.9% (N=43)Clin. Results according to the IKDC scoreIKDC B30.2% (N=38)31.5% (N=23)IKDC C5.5% (N=7)8.2% (N=6)IKDC D0% (N=0)1.4% (N=1)*B. Evaluation*IKDC A37.3% (N=47)23.3% (N=17)Ant. Laxity according to the IKDC scoreIKDC B47.6% (N=60)47.9% (N=35)IKDC C14.3% (N=18)23.3% (N=17)IKDC D0.8% (N=1)5.5% (N=4)[^2]

Two years after ACL reconstruction, functional assessment revealed 47 patients (37.3%) with an IKDC A grade, 60 patients (47.6%) with an IKDC B grade, additional 18 patients (14,3%) with a grade C scoring and only 1 patient (0.8%) was graded D according to the IKDC criteria. On long-term follow-up, 17 (23%) patients with an IKDC A grade, 35 (48%) patients with an IKDC B grade, 17 (23%) patients with an IKDC C grade and 4 (5.5%) patients with an IKDC D graduation could be detected. However, in total 75% of all patients could be graded A or B according to the IKDC score. Criteria for a deterioration of the clinical results on long-term follow-up consisted *e.g.* of pain and progressive swelling of the knee joint at strong load or symptoms of graft withdrawal within the subjective IKDC questionnaire. Furthermore an evident extensive deficit, intermittent intra-articular effusion formation or a striking differential laxity on assessment with the KT-1000 arthrometer™ accounted for worse results within the objective IKDC evaluation.

Lysholm score/Tegner activity score
-----------------------------------

Clinical assessment showed a deterioration of the average values within long-term course During the entire follow-up period there was also a decrease in the activity level. Practice of *pivot* and *contact* sports decreased from 77.8% to 45.2%. Furthermore, competitive involvement decreased from 65% to 18.5%. In contrast the rate of 76% of patients still participating in sports at final follow-up was excellent (55 of 73) ([Table 2](#T2){ref-type="table"}).

Table 2Knee function and activity level according to the Lysholm scoring scale and the Tegener activity scale, respectively throughout the entire study period. The results are given as mean values and range.Before injury2 years13,5 yearsKnee function: lysholm scoring scale95.7 (65--100)92.4 (35--100)90.2 (25--100)Activity level: tegener activity score5.8 (2--10)5.4 (2--10)4.9 (1--10)

Assessment of anterior laxity (Lachman test)
--------------------------------------------

Assessment of the anterior translation with the KT-1000 arthrometer™, according to the IKDC graduation, showed a slight deterioration on long-term follow-up in comparison to the results at two year follow-up. However, overall long-term knee joint stability remained satisfactory to excellent 13.5 years after anterior cruciate ligament reconstruction ([Table 1](#T1){ref-type="table"}).

Incidence of osteoarthritis
---------------------------

Radiographic assessment according to Kellgren and Lawrence revealed no signs of degenerative changes on pre-trauma assessment. On 2 year follow up as well as on long-term follow-up a marked increase of degenerative changes was detected ([Figure 2](#F2){ref-type="fig"}).

Figure 2Prevalence of osteoarthritis according to the Kellgren Lawrence score.

Radiographic analysis of the tibial tunnel
------------------------------------------

The margins of the tunnels on the tibial side were well detected and easily identified on both antero-posterior and lateral views at 2 year and long-term follow-up. In contrast, directly postoperatively tunnel diameter, length and position could not be reliably determined. Therefore initial tunnel diameter was calculated from the width of the drill to create the tunnels during reconstruction. In order to minimize miscalculation of the tunnel size based on potential oblique and eccentric guide wire position, potentially leading to a larger tunnel diameter than the initial drill size, we standardised intra-operative tunnel placement and drill guide positioning and repeatedly controlled guide wire positioning via intra-operative x-ray imaging. On the femoral side the diameters tunnel were difficult to identify in particular on long-term follow-up due to total incorporation and therefore measurements were not made. Radiographic Assessment of the tibial tunnels and potential tunnel enlargement on 2 year follow-up showed in 46.8% a grade I, in 22.2% a grade II, in 16.7% a grade III and in additional 14.3% a grade IV enlargement of the tibial tunnel. No significant progression of TW was found in comparison to the 2 year results on long-term follow-up. 13.5 years after ACL-reconstruction in 45.2% a grade I, in 24.7% a grade II, in 17.8% a grade III and in additional 12.3% a grade IV enlargement of the tibial tunnel was detected ([Figure 3](#F3){ref-type="fig"}).

Figure 3Prevalence of tibial tunnel widening.

Tunnel shape evaluation, according to Peyrache,^[@R29]^ predominantly revealed equal expansion of the tibial tunnels on two year follow-up as well on long-term follow-up. Linear expansion was detected in 85% and 86% upon radiological evaluation ([Table 3](#T3){ref-type="table"}).

Table 3Evaluation of tunnel shapes at 2 years and 13.5 years.2 years/midterm follow up13.5 years/long-term follow upLine84.9% (N=107)86.4% (N=63)Cavitory10.3% (N=13)10.9% (N=8)Cone4.8% (N=6)2.7% (N=2)

Correlation analysis
--------------------

On long-term follow-up, no significant correlation was found between the amount of tibial tunnel enlargement and clinical results according to the IKDC (P\>0.05), Lysholm (P \>0.05) or Tegner (P\>0.05) scores. Furthermore, the study group found no significant correlations between the amount of tibial tunnel enlargement, increased anterior joint laxity (P\>0.05) measured by a KT-1000 arthrometer™ or progression of degenerative changes according to Kellgren-Lawrence scale (P\>0.05).

Discussion {#S4}
==========

Main purpose of the present retrospective clinical study was to evaluate the incidence, degree and impact of tibial TW after isolated anterior cruciate ligament reconstruction with PBTB autgraft via a transtibial approach on long-term follow-up. The study group hypothesised that in terms of potential persisting micro-instability and consecutive potential incomplete graft incorporation, tunnel widening continues and furthermore provides a significant impact on patient-reported long-term clinical outcome, long-term stability and prevalence of osteoarthritis.

Evaluation of the clinical and functional results according to the subjective and objective questionnaire of IKDC score on long-term follow-up, showed a decrease in comparison to the midterm results. The results were comparable to those found in literature.^[@R21],[@R22],[@R31]^ Several authors reported of high satisfaction rates and good to excellent clinical outcomes according to the IKDC (80--92 points on average) score based on a population of similar age and overall constitution.^[@R15],[@R21],[@R22],[@R31]^ In the present study the mean subjective IKDC score was 78.4 points on long-term follow-up. However, 75 % of all patients could be evaluated an IKDC A or IKDC B graduation. Lysholm and Tegner scores showed a deterioration of the patents\' clinical constitution in comparison to the results 2 years after anterior cruciate ligament reconstruction. The median Tegner score of 5 at final follow-up is similar in comparison to studies with more than 10 years follow-up which have reported of Tegner scores between 4 and 6.^[@R2],[@R21],[@R22],[@R31]^ The mean Lysholm score of more than 90 points on long-term follow-up was similar to other studies with more than 10 years follow-up that have reported of scores between 82--94 points.^[@R15],[@R21],[@R22],[@R31]^ Assessment of long-term anterior laxity via the KT-1000™ arthrometer showed a deterioration of the average values. On the other hand overall results through the entire period of follow-up remained excellent. 79% of all patients showed a differential laxity \<3 mm on long-term evaluation. Overall performance concerning the anterior translation measured on KT 1000™ arthrometer is comparable with results found by Lebel *et al.*^[@R31]^ as well as Øiestad *et al.*^[@R22]^ at mid-term to long-term follow-up, with 70% to 90% of patients having a KT-1000™ arthrometer result of less than 3 mm. Radiographic evaluation of degenerative changes radiological revealed radiological changes in up to 80% of patients. The majority of these changes was graded I and II OA according to the Kellgren-Lawrence- classification. The rate of severe osteoarthritis (grade III and IV OA) was 22%, which is comparable to other published long-term studies after ACL reconstruction.^[@R21]--[@R23],[@R31]^

Evaluation of potential persisting tibial tunnel enlargement in the present study showed no further bone tunnel lysis on long-term follow-up with regard to the 2 year results. According to literature enlargement of the tibial tunnels takes part mostly within the first 6 months after operation and is continued until 12 months after reconstruction.^[@R1],[@R3],[@R16]^ Afterwards most of authors report only on minimal changes up to 2 years after reconstruction.^[@R3],[@R5],[@R32]^ Radiographic evaluation of the tunnel size in the present study showed a constant tunnel size and no significant changes were detected. Radiographic assessment of the tibial tunnels and potential tunnel enlargement on long-term follow-up showed in 45% a grade I, in 24% a grade II, in 17% a grade III and in additional 12% a grade IV enlargement of the tibial tunnel enlargement of the tibial tunnel according to the elected 4 stage ranking system of the present study. With regard to the present literature, our results are comparable to those of studies by Asik *et al.*^[@R17]^ and Plaweski *et al.*^[@R4]^ Both studies analysed the clinical impact of tibial tunnel enlargement after a 4 year minimum follow-up. Both studies did not detect a significant progression of tibial tunnel widening on long-term follow up with regard to the short and midterm results. Furthermore Chen *et al.*^[@R2]^ evaluating bone tunnel enlargement as well clinical condition with a 7 year follow-up period after anterior cruciate ligament reconstruction with hamstring autograft report of constant to minimal progression of the analysed tibial tunnel enlargement on final follow-up. In addition, all study groups\' report of comparable clinical results with regard to our results according the IKDC classification and the scores of Lysholm and Tegner.^[@R2],[@R4],[@R17]^

Tibial tunnel enlargement, in the present study analysis, occured within the first 2 years after reconstruction without any significant changes beyond with regard to long-term follow-up. Direct comparison regarding the percentage of detected TW with other studies remains controversial because of different surgical techniques and calculation methods of TW. Within the present study calculation was based on conventional radiographs in 3 planes. The study group firstly calculated the actual tunnel diameters in mm measuring the sclerotic margins of the inserted tunnels on 3 different points (T1--T3) under assistance of a radiologist ([Figure 1](#F1){ref-type="fig"}). Afterwards, to provide a better quantification and statistical analysis of the tunnel enlargement, the study group determined 4 degrees of tunnel widening by converting the absolute values in mm into a 4 staged ratio based on the comparison to the results of the initial drill-width and direct postoperative x-ray with regard to the actual measured values. The maximum diameter on each location (T1--T3) was used to define the ratio as tunnels might be of different shapes. Basic idea of this concept was a categorization of the patients\' values to minimize potential errors due to radiographic projection and to enable a facilitated statistical analysis with regard to potential clinical impact. With regard to actual literature other authors also tried to categorize the values of tibial tunnel enlargement in a modified design in comparison to our ratio to provide a more *clinically* orientated analysis.^[@R4]^ Other studies performed computed tomography (CT) or magnetic resonance imaging (MRI) to focus in particular on the tunnel shape as three-dimensional structure.^[@R18],[@R33]^ However, the use of advanced imaging procedures demands patient radiation to take into account and furthermore entails a relatively high cost. Various investigators have described different types of tunnel enlargement, which include cavity type, cone type, and line type tunnels.^[@R9],[@R19],[@R29],[@R34]^ In accordance to other studies, radiological evaluation of the tunnel shape showed in more than 85% tunnel enlargement of the linear type on mid-term follow-up as well as on long-term evaluation.^[@R2],[@R4],[@R17]^ Other study groups, in contrast, have reported relatively uniformly shaped tunnels.^[@R19],[@R35]^ Furthermore, the present study could not detect any significant clinical effects of tibial tunnel enlargement with regard to anterior laxity measurement via the KT-1000 arthrometer. Assessment of long-term anterior laxity via the KT-1000™ arthrometer showed a deterioration of the average values. On the other hand overall results through the entire period of follow-up remained excellent. 79% of all patients showed a differential laxity \<3 mm on long-term evaluation. These results are in agreement with other studies evaluating the impact of tibial tunnel widening on anterior knee laxity.^[@R2],[@R4],[@R17]^ Like other recent evaluations we could not detect a significant correlation between the degree of tibial tunnel enlargement and the incidence of increased anterior knee laxity.^[@R2],[@R4]^ Furthermore, we found no significant correlation between the amount of tibial tunnel enlargement and clinical results according to the IKDC score and the scores of Lysholm or Tegner. Correlation analysis did not reveal a significant correlation of potential progression of degenerative changes according to Kellgren-Lawrence classification and the amount of tibial tunnel widening. These results support the results of Asik *et al.*^[@R17]^ and of Plaweski *et al.*^[@R4]^ Both authors evaluating long-term impact of tibial tunnel widening could not demonstrate a significant correlation between the amount of tunnel enlargement and the actual clinical condition according the the IKDC score, the activity level according to Tegner and Lysholm nor instrumental stability according to the KT-1000 measurements.

In the end mechanical and biological theories have been proposed for the explanation of tibial tunnel widening as a predominant radiological finding. According to actual literature there are different pathoetiologies to explain enlargement including variables like graft type, fixation technique or postoperative rehabilitation concepts.^[@R6]--[@R9],[@R12]^ Mechanical factors include motion of the graft within the tunnel, fixation methods/devices, stress shielding of the graft, improper graft placement, and accelerated rehabilitation.^[@R7],[@R11],[@R19],[@R34]--[@R36]^ The autologous BPTB graft complex as used for our patients provides a stiff construct along with rapid biologic bone-to-bone healing. Typically the tibial bone plug is fixed at a point distal to the joint line at a non-anatomic site, allowing increased graft motion within the proximal tibial tunnel. Moreover, this graft is of rectangular shape creating a *dead space* within the tibial tunnel proximal to the bone plug. This potential mismatch between the rectangular graft and the tunnel might constitute for persistent micro-motion in the sagittal plane (*windshield wiper effect*). With regard to actual literature ACL reconstruction by use of Hamstring autografts in comparison to BTB grafts in many previous studies in particular have exhibited higher rates of tunnel enlargement.^[@R3],[@R5],[@R9]^ Fixation of the hamstring tendons was performed by using a low stiffness construct, that is, fixation point distant from the joint line. This allows more graft elongation to occur with flexion and extension of the knee, and this has been referred to as the *bungee effect* in the literature.^[@R2],[@R3],[@R5],[@R32]^ This longitudinal motion occurs particularly at the graft-tunnel interface. Subsequently, the femur has been the primary location of the tunnel widening secondary to its long tunnel length and subsequent pistoning of the graft within the tunnel. Additionally some authors argue that in particular suspensory fixation that is commonly used with hamstring graft reconstruction is responsible for this effect.^[@R1],[@R5],[@R9]^

Other studies have proved that besides mechanical factors in particular and biological factors are associated with tunnel enlargement.^[@R6],[@R8],[@R1],[@R12],[@R13]^ Complete graft to tunnel healing was stated by many different authors to be of cardinal assumption to prevent progressive tunnel enlargement.^[@R8],[@R10],[@R13],[@R36]^ This process according to literature requires at least 10--12 weeks post reconstruction for the organization of the scar tissue and the development of Sharpey\'s fibers at the tendon-bone interface.^[@R8],[@R10],[@R36]^ With continuation of the *graft maturation* remodelling from fibrous tissue to mature bone occurs. The graft-to-tunnel fixation therefore seems to have an initial critical period prior to complete adherence. Factors affecting a potential lack of graft ingrowth include provocation of graft movement within the tunnel (weak fixation), too early movement of knee (aggressive rehabilitation or noncompliant patient).^[@R14]--[@R16],[@R18]^ Regarding the BTB-graft as used for reconstruction in the present study, in general healing and incorporation of the bone block of the patellar tendon grafts is faster than hamstring grafts, and early stabilization is achieved, resulting in less micro-motion at the graft-tunnel interface. Apparently, the difference in biologic incorporation between the 2 grafts is the reason for complete obliteration of the femoral tunnel in 32% of patellar tendon graft patients reported previously.^[@R3],[@R5],[@R10]^ In accordance to these findings, we were not able to reliably determine the femoral tunnels on radiographic evaluation because of the complete tunnel obliteration. Some authors demonstrated the presence of synovial fluid between the graft and tunnel wall. Altered cytokine levels of *e.g.* interleukin 1, interleukin 6, interleukin 8, tumor necrosis factor alpha, and prostaglandin E2 contained in synovial fluid represent other biologic approaches for the explanation of tunnel enlargement. High levels of these cytokines may stimulate osteoclastic activity, leading to bone resorption.^[@R13]^ A persisting inflammatory process in chronic-ACL situations might be of significant contribution to bone osteolysis and subsequent tunnel widening.^[@R8],[@R10],[@R13],[@R36]^ MRI based studies have shown synovial fluid tracking at the graft--bone tunnel interface.^[@R13]^

This study intended to evaluate incidence, long-term course and potential impact of detected tibial tunnel enlargement in particular focussing on long-term clinical outcome, knee joint stability and prevalence of knee osteoarthritis. On the other hand the current study set up provides certain limitations. The overall follow up rate was only 44%. Reason for the high rate of drop outs consisted mainly of the strict exclusion criteria after ACL reconstruction and intermittent operative treatment like partial menisectomy. Additional reasons for the high rate of loss on follow-up accounted for geographical limitations and the inability to attend for follow-up evaluation. Furthermore the present study is of retrospective design and principally focuses on a descriptive analysis, a control group is missing. In addition the presented *trans-tibial* ACL-reconstruction does account for today\'s standard operative technique, but on the other hand represented a popular and widely used operative method in the 90\`s. Furthermore the measurement of the tibial tunnel using x-ray imaging does not represent the golden standard like CT-based measurements. CT based calculation of the tibial tunnel was not applicable due to the local ethic committee. Furthermore the initial tunnel diameter was calculated from the width of the drill to create the tunnels during reconstruction. In order to minimize miscalculation of the tunnel size based on potential oblique and eccentric guide wire position, potentially leading to a larger tunnel diameter than the initial drill size, we standardised intra-operative tunnel placement and drill guide positioning and repeatedly controlled guide wire positioning via intra-operative x-ray imaging. On the other hand the study was based on a homogenous study sample, a standardised operative procedure and postoperative rehabilitation as well as a short interval from injury to ACL reconstruction of only 2--3 weeks. In contrast to other studies we excluded patients with concomitant intra-articular injuries like significant articular surface damage, cartilage alterations therefore focussing only on isolated ACL injuries.

With regard to our results evaluating incidence, long-term course, impact of detected tibial tunnel enlargement on long-term clinical outcome, knee joint stability and prevalence of knee osteoarthritis we can point out that a successfully incorporated graft remains stable and tunnel widening does not continue over the period of time. Enlargement of the tibial tunnel remains a radiological phenomenon which is most commonly observed within the short- to mid-term intervals after anterior cruciate ligament reconstruction and subsequently stabilises on mid and long- term follow-up. It does not adversely affect long-term clinical outcome and knee joint stability. Furthermore TW does not constitute for an increasing prevalence of osteoarthritis on long-term follow-up. It remains of vital importance to identify and establish reconstruction techniques that optimize graft biology, fixation, placement, and rehabilitation. Future research should be directed at preventing this phenomenon and evaluating the relationship of tunnel enlargement with knee laxity and the outcome of revision ligament surgery.

Conclusions
===========

Anterior cruciate ligament reconstruction with the PBTB-autograft resulted in high patient satisfaction levels and good clinical results on long-term evaluation Tibial tunnel enlargement within the present study analysis occured within the first 2 years after reconstruction with PBTB-autograft without any significant changes beyond with regard to long-term follow-up. Correlation analysis showed no significant relationship between tibial tunnel enlargement, long-term clinical results, increased anterior joint laxity or prevalence of osteoarthritis. Prevalence of symptomatic osteoarthritis developed in about 20%.
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